Introduction {#sec1-1}
============

Anesthesiology had made significant changes to today\'s healthcare worldwide compared to other medical specialities. Since the very beginning, anesthesiology has participated in systematic attempts to improve patient safety.\[[@ref1]\] Not only that, anesthesiologists are the current leaders in healthcare in the field of patient safety practices. As stated in Helsinki patient safety declaration in 2011, "Anaesthesiology is the key specialty in medicine to take up responsibility for achieving the goals which will notably improve Patient Safety in Europe."\[[@ref2]\] Hence, anesthesiologists have a distinctive, cross-specialty opportunity to influence safety and quality of patient care.\[[@ref3]\]

Decreasing "harm caused by health care" is a global priority, in response to which a marvelous increase in efforts for improving patient safety was observed during the past years with the development of "science of patient safety."\[[@ref4]\] Patient safety was defined as "the avoidance, prevention and amelioration of adverse outcomes or injuries stemming from the process of healthcare rather than from the patient\'s underlying medical condition."\[[@ref5]\] The clinical skills included diagnosis of illness, treatment of disease, after-care, and follow-up, representing the focus of most traditional medical curricula, while unfortunately, the skills essential to patient safety such as systems thinking, root cause analysis, application of human factor science and communication skills are not emphasized in such curricula.\[[@ref6]\]

Medical curricula are faced with increasing number of must to add-on components. Human factors and patient safety principles showed increasing adaption, at various levels, at both undergraduate and postgraduate programs globally. Although the World Health Organization (WHO) and the American Association of Medical Colleges (AAMC) has emphasized integrating teaching of patient safety and quality improvement in the medical curricula, only few medical schools have responded and included these topics in their curricula.\[[@ref7][@ref8]\] Medical students need to recognize and show appropriate patient safety skills early and continuously in their professional education.\[[@ref9]\]

Unfortunately, there is little evidence on best methods to teach the patient safety topic.\[[@ref10]\] When the patient safety curricula in different medical schools were reviewed, it was noticed that this topic was mostly taught during the third year of the medical study; the teaching duration ranged from 4 to 30 hours, and was frequently taught by clinicians, ethicists, and medical education experts. Unluckily, none of the current teaching met the objectives set by the WHO nor included structured assessments of a standardized curriculum.\[[@ref11]\] In response to all these changes, the Faculty of Medicine (FOM) at King Abdulaziz University (KAU) commissioned a project during the 2011--2012 academic year to integrate WHO-based patient safety model to undergraduate medical curriculum as part of the major curricular change implemented in the FOM during this period.

This work aimed to describe the process of foundation and integration of patient safety module led by academic anesthesiology department at FOM, KAU. It also described the main achievements and most important challenges faced during implementation of this module during the last 5 academic years to guide other aspiring academic anesthesiology departments in other medical schools to replicate the success.

Methods and Subjects {#sec1-2}
====================

Subjects of this study were 6^th^ year medical students at the FOM, KAU who took the patient safety module during the last 5 academic years.

Module design and development {#sec2-1}
-----------------------------

The patient safety module was offered during the 6^th^ year medical study. It was developed in the academic year 2011--2012 as part of an integrated, hybrid, system-based curriculum. In this year, FOM at KAU commissioned a project to integrate WHO-based patient safety model to the undergraduate medical curriculum as part of the major curricular change.\[[@ref12]\] It was designed to be an interprofessional and multidisciplinary module that depends on evidence-based approach to patient safety.

The model was first added to internal medicine clerkship (2 credit hours out of 14 credit hours of the internal medicine clerkship). Later, 2016--2017, the module was approved as a separate independent mandatory module of two credit hours to be given in the final 6^th^ year and still provided parallel to the internal medicine module over a 15-week semester.

Initially, the Dean of FOM formed a patient safety module committee that included the head of the Anaesthesiology and Critical care department as the chairman of the committee. The committee also included representatives from major clinical departments in the FOM such as Internal Medicine, Surgery, Paediatrics, Obstetrics and Gynaecology, Microbiology and Infectious Diseases, as well as Medical Education department in addition to Nursing Education department at King Abdulaziz University Hospital (KAUH). The first task of this committee was to review the relevant WHO patient safety curricula as a base with addition of specific key cognitive, psychomotor skills, and attitude-related objectives that covered the following domains:

Human factors in healthcarePersonal protective equipment trainingMedication reconciliationGeneral safety (facility, fire, evacuation drills)Self-initiated patient safety -- projects.

The module\'s learning outcomes were formulated by the module committee members through a series of meetings using the national qualification framework (NQF) Domains along with teaching and assessment methods are shown in [Table 1](#T1){ref-type="table"}.

###### 

Learning Outcomes of the patient safety module classified in the national qualification framework (NQF) domains

                                                 NQF learning domains and module learning outcomes
  ---------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------
  1.0                                            Knowledge
  1.1                                            Demonstrate knowledge of understanding the role of human factor in medical incidents and errors
  1.2                                            Understand how psychological stress, workplace, and hostile working environments can result in physical and psychological dysfunction leading to patient harm
  1.3                                            Recognize the basic legally sensitive issues in daily clinical practice
  2.0                                            Cognitive skills
  2.1                                            \- Demonstrate patient safety awareness and advocate patient safety
  2.2                                            \- Correlate between theories of patient safety and practical application
  3.0                                            Interpersonal skills and responsibility
  3.1                                            Develop positive attitude towards patients, families, caregivers, and other healthcare providers.
  3.2                                            Value the contribution in a group assignment of patient safety advocacy
  4.0                                            Communication, information technology, numerical
  4.1                                            Use the www to serve their advocacy of patient safety.
  4.2                                            Use international resources as reference for studying.
  5.0                                            Psychomotor
  5.1                                            Handle needles and sharps.
  Apply universal precautions.                   
  Check blood products.                          
  Prescribe and handle medication.               
  Perform hand-washing scrubbing, and gowning.   

Module implementation {#sec2-2}
---------------------

The mode of instruction of this module included interactive lecture (accounting for 15% of the module contact hours), e-learning (15%), and practical sessions (70%). The latter represented the majority of hours as patient safety module designed to be implemented as hands-on practical sessions to ensure that students could improve their attitudes and acquired the needed skills. Although the module was separately offered to both male and female students, standardization of teaching was ensured through standardizing the learning outcome (LOS), contents, hand-outs, as well as exams.

Student\'s assessment {#sec2-3}
---------------------

Student\'s assessment during the module included written exams conducted at the end of the module through multiple choice questions (MCQs), which accounted for 40% of the marks. Twenty percent of the marks were assigned for implementation of "patient safety advocacy project" submitted and presented at the patient safety day the end of the module. The other 40% of the marks were assigned for the logbook and course work activities. Examples of patient safety projects submitted by the student during the last 5 years are shown in [Table 2](#T2){ref-type="table"}. The number of projects as well as the number of students who participated in patient safety projects from 2011 to 2017 are shown in [Table 3](#T3){ref-type="table"}.

###### 

Examples of patient safety advocacy projects prepared by students in the last seven academic years

  Year                              Male                                                                          Female
  --------------------------------- ----------------------------------------------------------------------------- -------------------------------------------------------
  2011-2012                         Gloves                                                                        Public awareness to adult immunizations
  Patient safety advocacy project   Inpatient satisfaction with nursing services                                  
  2012-2013                         Importance of preoperative assessment clinic                                  ROPsThe3AWay: spreading the culture of patient safety
  It's not a maze anymore           Steps to improve the dressing clinical area Together for diseases free Hajj   
  2013-2014                         Towards safer catheterization                                                 Surgical site infection prevention
  CT abuse by surgeons              Are you safe                                                                  
  2014-2015                         Know corona, save a life                                                      Notion of an emotion
  Integrating smoking cessation     Swift and safe                                                                
  2015-2016                         Tension-free                                                                  Be aware. Keep your kidney safe
  Pressure ulcer to zero            Heart failure (Because we care)                                               
  Diabetic foot care                                                                                              
  2016-2017                         Stop/Start criteria                                                           Because we care
  House dust mite allergy           Be a life saver                                                               
                                    Stay safe, move safer                                                         

###### 

The number of projects as well as the number of students sharing in patient safety projects between 2011 and 2017

  Year 2000   Total   Male   Female                
  ----------- ------- ------ -------- ----- ------ -----
  11-12       485     49     240      23    254    26
  12-13       332     40     162      18    170    22
  13-14       325     35     165      18    170    17
  14-15       320     40     160      20    170    20
  15-16       381     45     184      20    187    25
  16-17       361     45     146      22    186    23
  Total       2204    253    1057     121   1137   133

Module evaluation {#sec2-4}
-----------------

A continuous cycle of module evaluation was done by the module committee every time the module was implemented. A module evaluation survey was distributed to all students after finishing the module. Student self-reported learning of the module LOS was also distributed at this point. Another survey was distributed to them after taking the end of module final exam to assess the process of assessment. The opinion of the teaching faculty who participated in the module was also surveyed after module implementation. Small, face-to-face group meetings were conducted by the head of the module with each working group of students during preparation of their project to obtain feedback on their work and provide any support requested by them. Project supervisors who advice the students during the preparation of the safety projects were of varied background disciplines. They were also asked to share their opinion during module evaluation.

The module was annually revised by the module committee in light of the results of all the abovementioned surveys, and an improvement plan was prepared based on student\'s feedback.

A report annually prepared by the module committee included the results of student\'s assessment (marks), the results of students and faculty evaluation of the module, as well as an improvement plan. This report was issued to the Quality and Academic Accreditation Unit (QAAU) in the FOM and discussed in the main curriculum committee.

Outcome measures {#sec2-5}
----------------

Results of student\'s assessment (marks) were one of the module outcome measures that were verified using the item analysis results, including the difficulty and discrimination indices as well as checking the exam blueprint against the exam question. External verification of students marks assigned to the patient safety advocacy projects was done through an external judgment panel to help in assessing students' projects.

Student\'s satisfaction with the module assessed using three five-point Likert surveys distributed to the students was another set of module outcome measures. These surveys were independently analyzed by the QAAU, and the results were formally issued to the module committee. The mean of student\'s satisfaction was calculated and presented separately for male and female as well as total students. Examples of the results of module and exam evaluation by students during 2016--2017 are shown in [Table 4](#T4){ref-type="table"} and [Supplementary Table 1](#T5){ref-type="table"}. Self-reported learning of the module in the academic year 2016--2017 is shown in [Figure 1](#F1){ref-type="fig"}.

###### 

Results of students' evaluation of the patient safety module Exams during the academic year 2016-2017

  Item                                            Mean satisfaction                                                                                    
  ----------------------------------------------- -------------------------------------------------------------------------------------- ------ ------ ------
  1                                               The exams covered all module's objectives that were mentioned in the study guide       3.92   3.52   3.72
  2                                               The questions were fairly distributed among the module's objectives                    3.88   3.14   3.51
  3                                               The quality of the questions was matching the actually taught materials                3.58   3.08   3.33
  4                                               The exam showed a clear matching between what was taught and the module's objectives   3.72   3.26   3.49
  5                                               The weight of the marks of the questions was fair.                                     3.54   3.76   3.15
  6                                               The type of the exam questions was aligned with the teaching methods                   3.52   3.19   3.36
  7                                               The type of the exam questions was aligned with the module's objectives                3.85   3.52   3.69
  8                                               The duration of the exam was appropriate                                               4.07   3.73   3.90
  Overall mean satisfaction of the module exams   3.76                                                                                   3.28   3.52   

![Students self-reported learning of knowledge and cognitive skills (a), interpersonal and communication skills (b) and pychcomotor skills (c)](SJA-13-112-g001){#F1}

###### 

Results of students' evaluation of patient safety module during the academic year 2016-2017

  Course/Module contents                    Mean satisfaction                                                                                       
  ----------------------------------------- ----------------------------------------------------------------------------------------- ------ ------ ------
  1                                         Objectives of course are clear                                                            3.44   3.71   3.54
  2                                         Objectives of each teaching format were explained at its start                            3.41   3.36   3.39
  3                                         The modules' contents show relation between basic and clinical sciences                   3.60   3.60   3.60
  4                                         The practical part is related to the theoretical part                                     3.50   3.45   3.48
  5                                         This course helps to develop my self-learning capacity                                    3.50   3.29   3.40
  6                                         The course content is suitable for its time                                               3.54   3.73   3.64
  7                                         PBL sessions improve my learning achievements                                             3.26   3.50   3.38
  8                                         There is no repetition between topics within the module                                   3.39   3.56   3.48
  9                                         There is no repetition between the course content and the contents of the other courses   3.50   3.49   3.50
  10                                        This course is good & useful for my future career                                         3.55   3.76   3.66
  Overall mean satisfaction                 3.47                                                                                      3.55   3.14   
                                                                                                                                                    
  **Faculty members**                                                                                                                               
                                                                                                                                                    
  1                                         Faculty members address the contents of the module as stated in the study guide           3.49   3.56   3.53
  2                                         Faculty members encourage students to ask questions during teaching                       3.53   3.43   3.48
  3                                         Faculty members make good use of different types of educational methods                   3.51   3.37   3.44
  4                                         Faculty members use clinical cases in teaching                                            3.66   3.73   3.70
  5                                         Faculty members clearly explain the methods of assessment from the start of the course    3.56   3.71   3.64
  6                                         Faculty members provide positive feedback after each assessment                           3.33   3.05   3.19
  7                                         Faculty members encourage students for self-directed learning                             3.43   3.47   3.48
  8                                         Faculty members encourage students for electronic learning                                3.54   3.19   3.31
  9                                         Faculty members usually available in their office hours                                   3.49   3.56   3.55
  Overall mean satisfaction                 3.50                                                                                      3.45   3.08   
                                                                                                                                                    
  **Assessment**                                                                                                                                    
                                                                                                                                                    
  1                                         There is formative assessment in the course                                               3.20   3.19   3.20
  2                                         I received feedback on my performance during the course                                   3.23   2.78   3.01
  3                                         Formative assessment prepared me for summative assessment                                 3.40   3.07   3.24
  4                                         Number of tests was reasonable for the course.                                            3.67   3.66   3.67
  5                                         Assessment methods assess understanding and application not only recall                   3.40   3.09   3.25
  Overall mean satisfaction                 3.38                                                                                      3.38   3.27   
                                                                                                                                                    
  **Educational resources**                                                                                                                         
                                                                                                                                                    
  1                                         Educational materials were available                                                      3.28   3.28   3.28
  2                                         Educational materials posted on the blackboard at earlier time.                           3.65   3.65   3.65
  3                                         E-learning through the blackboard is helpful                                              3.51   3.51   3.51
  4                                         I frequently use the library to search learning material                                  3.12   3.12   3.12
  5                                         I can easily access the internet                                                          3.66   3.66   3.66
  6                                         Lecture rooms are well equipped                                                           3.63   3.63   3.63
  7                                         Laboratories are well equipped                                                            3.58   3.58   3.58
  8                                         Rooms for PBL are well constructed                                                        3.55   3.55   3.55
  9                                         Student's study guide helped me much throughout the course                                3.37   3.37   3.37
  10                                        All cases are listed in the logbook                                                       3.45   3.45   3.45
  11                                        Types of the required clinical cases are available in the University Hospital             3.54   3.54   3.54
  12                                        The number of the required clinical cases are available in the University Hospital        3.53   3.53   3.53
  13                                        The clinical skill laboratory is well-equipped for the clinical study                     3.68   3.68   3.68
  Mean satisfaction                         3.50                                                                                      3.50   3.50   
  Overall mean satisfaction of the module   3.46                                                                                      3.44   3.46   

It was found that students were overall moderately satisfied with the patient safety module during 2016--2017. The highest satisfaction was recorded in usefulness of the module for student\'s career, use of clinical cases during teaching, reasonable number of tests given during the module, and appropriateness of the duration of the exams. Finally, the clinical skill and simulation center were found to be well-equipped for the clinical study. It was noticed that the overall self-reported learning of the students was high (mean satisfaction = 4.23). The highest mean satisfaction was reported in two psychomotor skills including perform hand-washing scrubbing, and gowning and handle needles and sharps, with mean satisfaction of 4.54 and 4.51, respectively.

It is important to mention that many challenges were faced by the module committee at various steps of module construction, development, and implementation. Examples of the challenges during the two academic years as well as the actions taken by the module committee to overcome these challenges are presented in [Table 5](#T6){ref-type="table"}.

###### 

Some challenges faced by the module committee during module implementation in two academic years

  Year                                                                                                                                                    Challenge                                                                                                                               Intervention
  ------------------------------------------------------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  2012-2013                                                                                                                                               Inappropriateness of the teaching method to the LOs of some patient safety topic reported by students and reflected on their learning   Changing teaching mode of some lectures to practical sessions) (e.g., hospital safety and disaster medicine)
  Learning resources were difficult to be accessed by the students                                                                                        Improving the website of the module with more learning resources                                                                        
  Activating the learning management system (LMS) Utilize more social media                                                                                                                                                                                                                       
  Upload the module lectures on the website                                                                                                                                                                                                                                                       
  Assessment strategies needs improvement.                                                                                                                Introducing e-exams                                                                                                                     
  Separation of the module from the internal medicine course as was requested by the students                                                             Discussed with Phase II committee and unfortunately it was rejected                                                                     
  2015-2016                                                                                                                                               Involvement of a few number of teaching faculty in offering the module                                                                  Diverse faculty members from different specialties and background as well as some administrative staff with expertise in patient safety were added to participate in module teaching
  Inconsistency in evaluation of students' projects                                                                                                       Adding objective peer evaluation to be a part of the safety project evaluation                                                          
  To use a standardized checklist for project evaluation                                                                                                                                                                                                                                          
  To invite external evaluators for the evaluation of the projects to improve the assessment                                                                                                                                                                                                      
  Improvement of the quality of students' assessment                                                                                                      Adding more questions to the item bank                                                                                                  
  Revising and ensure sticking to the blueprint                                                                                                                                                                                                                                                   
  Conducting formative assessment with feedback given to students on their projects, and students with difficulty were counselled by module coordinator                                                                                                                                           
  Separate the module from the internal medicine course                                                                                                   Discussed with Phase II committee and approval was obtained                                                                             

Discussion {#sec1-4}
==========

The report of the Institute of Medicine (IOM) issued in 1999 regarding building a safer health system warned policymakers and other healthcare stakeholders about the major problems regarding patient safety, which represents a global concern in the provision of quality health care. It was reported that more people die in a given year because of medical errors than from motor vehicle accidents, breast cancer, or AIDS.\[[@ref13]\] Major medical education reforms at the medical school and residency training program levels are necessary for fundamental improvements in patient safety, as recommended by patient safety experts.\[[@ref14]\]

Among the issues that were raised by students during their evaluation of the modules during the year 2012--2013 was the "revision of the mode of teaching of certain topics." In response to this concern, some module lectures were turned into practical sessions to make it relevant to their outcomes. A self-directed learning time of patient tracking was also assigned with collaboration of different university hospital clinical areas, where each student was assigned to shadow a patient for few hours and reflect on patient\'s experience in regards to safety of practice in one of the logbook sections based on plus/delta format. Teigland *et al*. quoted a comment of one student expressed his opinion regarding patient safety and quality improvement module who said "Any situation that causes us to act, rather than simply read from papers or listen to lectures is going to be helpful.\[[@ref15]\] I learn by doing." This comment was very supportive to the changes made in the module. Teigland *et al*. reported that, based on their students' survey, students are in favor of a new curriculum that formally addresses patient safety and quality improvement.\[[@ref15]\] They perceived the lectures and independent study methods as very unpopular methods for learning these topics. On the other hand, discussions of real life mistakes or participation in projects on real patients were considered as most helpful for learning about patient safety and quality improvement.\[[@ref16]\]

It was noted that the use of a combination of didactic and interactive lectures, specific psychomotor skills training during practical sessions, as well as self-directed safety projects in this module attracted students' attention and ensured great enthusiasm and engagement in learning for developed program. Some previous studies revealed that involving medical students in patient safety and quality improvement projects could not only have a promising effect on student learning but could also advance the quality of care for patients.\[[@ref15][@ref17][@ref18]\] Therefore, incorporating these projects into medical school curricula might be "an effective use of resources on multiple levels." The findings of a study conducted in a medical school at UK included in its curriculum a 5-hour module on patient safety introduced through lectures, videos, and role playing were supportive to our findings. They recorded an improvement in knowledge and perceived control over safety with no effect on student\'s attitudes.\[[@ref19]\]

Using a well-resourced reference and experienced faculty had a significant impact for the perception of learners about the curricular nature of the patient safety principles. In response to students' request, diverse faculty members from different specialties and backgrounds was recruited to participate in module teaching. A lawyer with medicolegal experience and safety officers were among the teaching staff in this module. Leung *et al*. stated that healthcare administrators with experience in patient safety might be helpful in patient safety education as was experienced in a Chinese medical school.\[[@ref20]\] The contributions of the faculty from the school of nursing was reported by Myung *et al*. to be an effective step toward interdisciplinary training in patient safety module.\[[@ref9]\]

Finally, the continuous and ongoing curricular review and modifications resulted in continuous improvement of the module overtime, with more students, faculty, and administrative involvement and commitment. It is worth mentioning that students, faculty, and teaching hospital gained many academic and professional rewards during this journey. A clear commitment, determination, and support of the Dean of the FOM and Curriculum Committee members, along with collaboration with clinical skills and simulation center as well as the university hospital administration were key essential requirements for such as developments and results. Further follow-up studies are needed to reflect on long-term impact of the patient safety module on students' learning and performance.

In conclusion, today medical school curricula aspire to graduate market-place ready safe and efficient future physicians. This requires implementation of effective programs that help students to recognize and show appropriate clinical and patient safety skills early and continuously in their professional education. The process of patient safety module foundation and integration at FOM, KAU has been an interesting journey with many lessons learned.
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